A previous animal study using a canine model [3] reported that the Leeds [4] [5] [6] [7] [8] [9] . In our two previous in vitro studies, bovine synovial cells were seeded onto plasma-treated polyester scaffolds and then subjected to short term (1 day) or medium term (5 and 9 weeks) cyclic tensile strain [5, 6] . The short-term tests showed that the DNA synthesis was affected by the period of strain application and that 1 hr of strain application was the optimal period. Furthermore, it was shown that there is a threshold of 1% for the amplitude of strain above which cell proliferation was triggered [5] [11] [12] [13] [14] [15] [16] . These enzymes are synthesized and secreted by a variety of cell types [17] [18] [19] including synovial cells [18, 19] [21] , and appears to be crucial in directing successful wound repair [22] . [29] . 
albeit that the maturation process of the induced tissue around the implant took much longer in the human (about 2 years versus 9 months) than in the canine model. The above in vivo studies have highlighted the contribution of synovial cells in ligament reconstruction and the importance of cyclic mechanical strain in tissue induction, remodelling and maturation. Several other studies have reported that cyclic strain influences a number of aspects of cellular metabolism including cell proliferation, matrix gene expression and protein synthesis, synthesis and activity of metalloproteinases and their inhibitors, and expression and activation of various growth factors and cytokines

Materials and methods
Ligament scaffold materials
Cells and Cell culture
SDS-Page zymography
MMP enzyme expression was assessed by SDS-PAGE zymography using a method similar to that previously described [31] . (Fig. 2) .
Results
Culture of synovial cells on scaffold
Effect of cyclic tensile strain on gene expression
The expression of metalloproteinases MMP-1, MMP-3 and TIMP-1 were all detected in both loaded and unloaded samples (Fig. 3) . The densitometric analysis of the PCR products for MMP-1 and TIMP-1 revealed that cyclic tensile load induced no changes in the level of expression (Fig. 3B) . Nevertheless, cyclic tensile strain of 4.5% consistently and significantly increased the expression of MMP-3 mRNA (Fig. 3A) . (Fig. 3B) .
The densitometric analysis of the PCR products for MMP-3 revealed that, in comparison with the control group, cyclic tensile load induced 3-fold increases in MMP-3 mRNA synthesis
In order to ascertain whether changes in mRNA levels for a gene such as MMP-3 would reflect changes in activity levels, a zymography test and collagenase activity assay were carried out.
Zymography for caseinolytic activities of MMP-3
Zymography was performed to verify the caseinolytic activity in mechanically conditioned culture media (Fig. 4) . The different forms of the enzymes were identified by their molecular masses [34] .
The casein zymogram (Fig. 4A) 
Quantitative collagenase activity assay for MMP-1
The collagenolytic activity in each sample was determined using [ 3 Figure 5 , the collagenase activity in loaded and control (unloaded) group [14, 15] . However, their controlled expression has been associated with many physiological processes of extracellular matrix turnover in normal tissue [16] [44] [45] [46] .This hypothesis is supported by other studies which reported that MMP-3 deficiency reduced the migration of appropriate cells at the site of injury [47, 48] [49] , and are documented to share similar phenotypic and functional properties with bone marrow MSC's [50] . 
H] radio-labelled telopeptide-free collagen. As shown in
Fig. 2 Effect of cyclic tensile strain on type I collagen (Col I) and type III collagen (Col III) transcription. A: Ethidium bromide-stained agarose gel analysis of 4 representative reverse transcriptase chain reaction (PCR) samples in each group. B: The columns represent the weighted-mean and standard deviation (3 experiments) of ratio of band intensity of each transcript to GAPDH PCR product normalized to the control (unloaded samples) mean in
